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wptcr/Methanol Soluble Conjugated Copolymer as an Electnm-Tnatsport tayer in Polymer Light Emitting Diodes 
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soluble in polar solvents and that may serve as cither an electron- or a hole-transport layer. Second, the use of these polymers In a range of 
organic optoelectronic devices. 
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Abstract 

We report the synthesis of a colonic conjugated co-polymer, poly ((9,9^(6'. 

PWene^oxaatzoleJt, (polyl), and the introduction of polyl, «, m electron _ 
transport layer (BTL) in polymer light emitting diodes (PLBDs). Multilayer PLED* 
are fabricated using semiconducting polymers cast from solution in an organic 
solvent as an emissive layer and the voter-soluble (or methanol-soluble) polyl, as an 
BTL in the device configuration: nO/PEDOT/emisstve polymers/ETUBd/Al The 
results demonstrate that devices vlthpofyl have significantly lover turn-on voltages, 
higher brightness and improved luminous efficiency. 
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T*e pHncipal cri teri a for a poller based electron transport la ycr (ETL) for use in 
Polymer hgbt-eoutaug diodes (PLEDs) arc *e follo^ng: « ) ^ lowest moccupjed 
molecular orbital (LUMO) of the ETL most be at au energy close to, or even within 
the ^band of the evasive semiconducting poller; and (2) the solvent used for 
casting the electron injection material mm not ^ ^ 
polymer. Although a few attempts to satisfy these criteria have been reported, »• * 
none has succeeded in avoiding interfaciel mixing in multi-layer PLEDs. 

In this contribution, we report the synthesis of the cationic conjugated alternating 
copolymer poly <P>Ws(^^^ 

2,^yl]-alH2,5^^^ (polyl), comprising fluoxene 

and phenylene-oxadiazole-phenylene alternating along the main chain, by the 
palladium catalyzed Suzuki coupling reaction (Scheme 1). Multi-layer PLEDs are 
Seated using a semiconducting polymer (red, green or blue emitting) (Scheme 2), 
cast nvm solution in an organic solvent, as an emissive layer and the water-soluble (or 
methanol-soluble) polyl as an ETL in the device configuration: riD/PEDOT/emissive 
polymers^TL^a/Al. To our knowledge, the. are no previous rcp0 rt s of 
fabrication of multi-layer PLEDs using a water-soluble conjugated polymer as an 
to solve the imerfecia, mix ing problem . m ^ ^ ^ 

-'th the ETL have significantly lower hun-on voltes, higher brightness and 



<Scbeme 1> 
<Schfcme 2> 

tMM ^ 6 . 54 ^ m „ (0 oj? ^ o o32? ^ 
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added to *e reaction mixture, followed by 5mL water. The reaction was degassed 
and refiuxed for 48 hours under an argon atmosphere. Isolation, followed by triple 
precipitation into acetone gave POly{[9,9.W 8 (6'.(N^.dimethylaml n o)hexyl> 
fluorene-2^diyl]-alt.[2^ ^ ^ 55 

%). Addition of Mel to a solution of poly4 results fn the formation of a precipitate. 
Addition of water renders foe reaction mixture homogenous. After 48 hours polyl 
can be isolated and purified by repeated precipitation into acetone in approximately 
86% yield. 

Figure 1 compares the current density vs. voltage and brightness vs. voltage 
characteristics of devices made using PFO with and without polyl. The PFO/ETL 
devices turn, on at - 3 V (the turn-on voltage is defined as the voltage at a brightness of 
0.1 cd/m 2 ), whereas the turn-on voltage i 5 at ~5V for the PFO devices without the 
ETL. « At 6V, the luminance (L) obtained from the PFO/ETL devioesis L = 3450 
cd/m 2 , compared to L - 30 cd/m 2 for devices without foe ETL. Similar improvements 
were observed from devices made with green and zed emitting conjugated polymers. 
For MEH-PPV/ETL devices, t « 5600 cd/m 2 at 5V, compared to L= 3S50 cd/m 2 for 
simitar device* fabricated without foe ETL. Therefore, foe addition of foe ETL results 
in lower turn-on voltage and higher brightness. The dramatic improvement in 
brightness and foe reduced turn™ voltage result from improved electron injection 
(there is a good match of foe LUMO of the ETL to foe **-band of the emissive 
polymer) and from foe hole blocking capability of the ETL (LUMO energy at -6.24 
eV relative to the vacuum). 

<Flgnre 1> 

BLEDs, the device efficiency is reduced by cathode quenching since the 
recombination zone is typically located near foe cathode. <«> The addition of foe ETL 
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«-** to «K the ETL serves to block die difibsfou of metal atoms, such as 
benotn „d ^ s^^p^^ of cM(m „; 

M« cathode de^Uon ^ ^ ^ ^.^ ^ ^ ^ ^ 

effl^^erpo^^^,^^^^^^^^ 
voltage, 

<Figare2> 

WW ent^ fevefe of*. ^ po lymcra «,„ ofpo|yl ^ fc ^ 
«f W. ft. sob™ 3). The ^ banta bo^ fc LUM0 of PFO 
^^^"^..-O.deV.T^.^^^^ 
."Jecdon 1. ert^eed. Fm PFO-BT S»d MEH-PPV, fc. „ D0 ^ ^ fc 
»— hjMtiw , How™, the ho.e-b.ocidog fcetus. of ^ lead5 „ ^ 
b*««d *«. ^ ^ ^ fc ^ fc ^ decttOT ^ _ 

^ ^ Mt **— * *— * *• a* nwly ^ 

ETL, 

<Scheme 3> 

characteristics of otganic LEDs. By adding the ETL between the cathode and the 
— ^ m ^ Atomic forM 

ovoscope (AIM) ^ ^ ^ ^ ^ ^ ^ ^ 
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simply because of me inched contact area between ETL and cathode. 

in conclusion, the wattle m raethanpI soluble) ^ ^ 

polyl, was designs synthesis and then indeed as the ETL in multi-layec 

PLED, By ca^ the ETL fi™ solution inland the emissive layer fi™ an 
organic solve* ^ interfacial ^ fe ^ ^ ^ ^ ^ ^ 

emitting semiconducting polymers as the emissive layer and polyl as the ETL, 
significant improvements in perfonnance have been demonsUated. Mo re impomn «y, 
our results indicate that high-p«fonnance multi-layer PLEDs can be fabricated by 
processing all the layers fit>m solution. 

Experimental 

Cb^totaMo. P.u™«:3= 'HNMR (400 MK* CDC,,, p,*,): 5 8 . 2 , (ln , 4K)i 
7.87 (n , 6H>. 7,68 (m , 4H) , 1M ^ 2MJ)j , M ^ i u ^ ^ o ^ ^ ^ 

»CNMR( I 2^H Z ,a 3 C) J ,pp 1 „) :51 64.7« 1 ,52.07, 144.97, ,409]. ,39., 2 . ,27.95, 
'".62, ,26.54, ,2,.60, ,20.67, 59.91, 55.64, 45.57, 40.57, 30.,,, 27.70, 27.3,.' 

24.05. CM .townav&r (OTC) ^ysb ^ „ molecoht 

Mn« ,9300 g/mo, and apo,ydBper8ftyofl.04. 

o f(wb ™« r 4t 'H NMR (400 MHfc DMSO, 5 SJ0 (ra , 4H), 

8 07 * 6H), 7. 88 (m , 4H, 3,3 (m , 4H) 194 (m , 22H), ,.43 n 4H,, ,.06 (m, 8H) 

0.6- (n, 4H). "C NMR (I25MIfe DMSOi ^ , 168 H i}u8i m ^ ^ 

■37.91. 127.65, ,27.62, ,26.5 8 , ,22,5. ,20.98. 63,3, 55. 28 , 52 .0 5 , 42 . M , 30 „ 
28.710,25.38,21.88. 
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purcb^ fiom American Dye Source, lac. (Canada,. The molecular structures.* 
PFO, PFO-BT, and MEH-PPV are shown in Scheme 2. The HOMO (highest occupied 
molecular orbital) and LUMO energy levels of PFO, PFO-BT, MEH-PPV and polyl 
are shown in Scheme 3. The w 9 rk functions of polyethylene dioxythiophene): 
polystyrene sulfonic ueid) (PEDOT;PSS) and barium are also shown ft* comparison 
in Scheme 3. 

For device fabrication, we utilized PEDOTPSS on indium tin oxide (HO) as the . 
hole-injecting bilayer electrode. PLEDS were fabricated with and without the ETL 
layer in me following" device structures: (TlO)/PBDOT:PSS/Emi 5 sive polymcr/Ba/Al 
and (ITO)/PEDOT:PSS/Emissive Polymer/ETL/Ba/Al. Details of device fabrication 
and testing have been reported elsewhere; all fabrication steps were carried out inside 
a controlled atmosphere dry box under nitrogen atmosphere. ^ '» The ETL was 
deposited on top of the B missive layer by spin-casting *pm section jn n^o, 
(0.6% wt,%) to form a polyl layer with thickness of approximately 30 nm and then 
annealed at 90°C for 2 hours to remove residual solvent. Hydxophilic methanol was 
used as *e solvent (rather than water) to achieve better inter-layer wetting wW Ie 
maintaining muW-layexs. Throughout this report, we win use the term 

"emissive polynwr/ETX» to designate devices with the ETL. 
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Figures and Schemes captions: 

Scheme 1. Synthesis of polyl and poly4. 

Scheme 2. Molecular structures of PFO, PFO-BT, and MEH-PPV, 

Scheme 3. The HOMO and LUMO energy levels of PFO, PFO-BT, MEH-PPV and 

polyl compared to the work function of Ba (all referenced with respect to 

the vacuum). 

Figure I. The current density (mW) vs. applied voltage (V) and luminance 
(cd/m 3 ) vs. applied voltage (V) for devices made using Wue-emitting PFO 
with and without the ETL. 
Figure 2. The luminous efficiency (cd/A) as a function of current density (mA/crn 2 ) 
for devices made with (a) PFO, (b) PFO-BT and (c) MEH-PPV with and 
without ETL. Insets: (a) Power efficiency (Im/W) VS . bias (V) for devices 
™dc by PFO with and without ETL; <b) and (c) brightness (cd/m>) vs. 
current density (mA/cm 2 ) for devices made by PFO-BT and MEH-PPV 
with and without polyl. 
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Scheme 1. Synthesis of polyl and po!y4. 
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Scheme 3. Sxtergy Levels 
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Figure I 
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Figure 2 
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